of molecules for therapeutic purposes that target some of these mechanisms. Among these drugs, are immunomodulators, interferons beta (IFN) and glatiramer acetate (GA) 6,7. Immunomodulators, interferon beta-1a and -1b (IFNb-1a and -1b) and GA reduce the frequency and severity of relapses, thus altering the progression of the disease, when in relapsing-remitting form. They are available in Brazil GA 20 mg subcutaneos (sc) daily, IFNb-1a 30 μg, intramuscularly once a week, INF-β-1a 22 μg subcutaneous three times a week, INF-β-1a 44 μg sc three times a week and INF-β-1b 250 μg sc every other day. These drugs have been supplied by the Government, as required by Federal Law 8080, dated 19.09.1990 , which provides for the Unified Health System, especially the section VI, Article 6, which regulates the right of access to medicines for health care.
Therapeutic response of immunomodulators in an ethnically heterogeneous population such as Brazilians should be analyzed, considering that clinical trials in European, Americans and Canadian patients included mainly Caucasians MS patients. Cree et al. observed that 36 Africandescent compared with 616 white Caucasians with MS had a poorer response to interferon 4 . In Brazil, a third of patients with MS are African-descent 1, 3 . In this context, monitoring of therapeutic responses to immunomodulators is critical for the patient, who now lives in an era of therapeutic strategies and resources that have been available for less than two decades. The knowledge of the biological aspects of MS allows us to establish therapeutic windows of nonresponders to early intervention 8 . Finding nonresponders within the population in treatment is an ongoing challenge that requires the Expanded Disability Status Scale (EDSS) score at each visit, the monitoring of new lesions on MRI each year and the number of relapses in each period. The goal of this study was to investigate the frequency of responders and nonresponders in a cohort of Brazilian MS patients in the city of Rio de Janeiro and analyze the correlation between clinical variables, disease duration and EDSS associated with response and non-response to treatment. . The criteria for response and non-response were applied as defined by Río et al. 10 that consider relapsing and increased EDSS alone or in combination (Table 1) .
METHOD
Of the 146 patients, 91 made regular treatment using the first immunomodulator drug by at least one year. Sixty-nine patients (29.24%) were treated with IFNb and 22 patients (9.32%) with glatiramer acetate. In the analysis of the results, there was no stratification by immunomodulators, based on the fact that clinical trials showed no significant difference in therapeutic response between them 11 . Patients were evaluated regularly every three months, and relapses, whenever occurred. Relapses and progression were measured by the functional system scale (FS) and the Expanded Disability Status Scale recorded by two neurologists independent evaluators. To define the relapsing, it was used the Poser et al. criteria -the appearance of one or more symptoms of neurological dysfunction that lasted more than 24 hours -objectively confirmed by neurological examination 12 . Analysis of demographic and clinical characteristics included sex, ethnicity, age, age at onset, disease duration, the number of relapses and EDSS score was confirmed every six months of the study 13 . Patients whose available data did not allow the analysis of the proposed variables or those who missed the deadlines were excluded. They were defined as non-response to treatment when after at least one year of treatment disease activity peaked measured by relapses and/or there was gradual progression of disability measured by EDSS 10, [14] [15] [16] [17] [18] [19] [20] . Clinical data was entered into a database and analyzed with the statistical analysis software SPSS, version 17.0 for Windows (SPSS, Chicago, IL). Differences in demographic details (age, sex and level of education) between responders and nonresponders patients were compared using the χ 2 test. Mean scores of the various data from MS patients were compared to demographic characteristics using Student's ttest. The impact of immunomodulatory drugs performance was analyzed using a multivariate logistic regression analysis of factors influencing clinical response to treatment with IFNb and were included in the model as independent variables -sex, ethnicity, age at onset, the duration of the Nonresponder definitions A An increase of at least one EDSS step confirmed at one year B Presence of any relapse confirmed at one year C Presence of two or more relapses confirmed at one year D A decrease in relapse rate less than 50% compared with one year before therapy E No decrease or higher relapse rate compared with one year before therapy F Definition A or B G Definition A + B Table 1 . Different definitions of non-response based on measures of disability increase and/or relapse rate after one year of follow-up in patients treated with interferon beta and GA (adapted from Río et al. 10 ) EDSS: Expanded Disability Status Scale; GA: glatiramer acetate.
disease and the score EDSS at baseline -and as dependent variables -the state of responder or nonresponder to treatment. Analysis also considered Kaplan-Meier probability of remaining free of relapse and an increased progression of disability of one EDSS point or more. Student's t-test and One way Analysis of Variance (ANOVA) was appropriate and generated p-value. P<0.05 was taken as being significant. This study was approval by the Ethical Committee of University Hospital Clementino Fraga Filho.
RESULTS
The percentage of female patients was 74.7% (n=68), and 25.3% (n=23) were male. Seventy-one patients were Caucasians and twenty non-Caucasians. The mean age at onset was 30 years (range 5-51). The mean age when starting the drug was 35 years (range 13-65). The average number of relapses in the years before the start of treatment was 1.51 (range 0-6). The median EDSS at the beginning of the immunomodulator was 2.6 (range 0-6.5).
According to Río et al. 10 , the different criteria used as non-response were distributed according to the following groups, which rely on the presence of relapses, increase of disability, or both, one year after each patient started treatment ( Table 1 ). The proportion of responders and nonresponders differed greatly depending on the response definition adopted (Table 2 and 3) . When the increasing disability was considered, the frequency of nonresponders was 3.3%, and when it was adopted the criteria for relapse and progression of disability, non-response to this frequency was 42.9%. Considering as non-response the increased EDSS of at least R: Responder; NR: Nonresponder; EDSS: Expanded Disability Status Scale; INFb: interferon beta; GA: glatiramer acetate.
Group all patients
Responder and nonresponder status for the different definitions ).
one point in the first year of treatment, 3.3% were nonresponders against 96.7% of respondents. Giving attention to the presence of a new relapse during the first year of treatment, 42.9% were nonresponders versus 57.1% of responders. Not withstanding, if it was considered the presence of two or more new relapses in the course of a year, the frequency of nonresponders fell to 13.2% (n=12). Also, in relation to new relapses, taking in consideration the reduction in relapse rate greater than or equal to 50% when compared to last year, it was found 37.4% of nonresponders (n=34); when there was no reduction or increase in relapse rate compared to the previous year, 23.1% (n=21) were nonresponders. The period of disease before starting immunomodulatory treatment (Table 4 ) ranged from 2.2 to 336.9 months (mean 59.7 months) among responders patients and 1.2 and 256.6 months (mean 68.5 months) among nonresponders (p=0.381). The average duration of disease when starting the drug was different among the immunomodulators drugs ( Table 5 ). The smallest time interval of 26.6 was observed with IFNb-1a -44 mg that presented a percentage of 71% of responding patients. The longest interval was 98.8 months for IFNb-1b which showed a percentage of 50% of responders patients. Among other immunomodulators, the average was 48.4 m for the GA (59% of responders), 50.7 m for the IFNb1a -30 mg (50% of responders) and 53.0 m for the IFNb-1a -22 mg (80% of responders).
The number of relapses before starting the first immunomodulator ranged from 1 to 29 among nonresponders patients (mean 5.6) and 1 to 10 (average 3.2) for patients who responded to treatment. The number of relapses in the first year of treatment for nonresponders patients ranged from 1 to 6 (average 1.5). Twenty-eight patients (71.8%) had only one relapse in the first year of treatment and seven (17.9%), two relapses. In twenty-four patients (61.5%), the relapse had not committed new functional system (EDSS scale).
Considering the presence of any relapse or increase in the EDSS (F), 60.9% of males and 55.9% of females were considered responders (p=0.466). Regarding ethnicity, 56.3% of Caucasians patients and 60% of non-Caucasians were nonresponders. There was no statistically significant difference regarding age, gender, ethnicity or disease duration between responders and nonresponders. The percentage of responders to IFNb was 56.5% (n=39/69) and to GA, 59.1% (n=13/22).
DISCUSSION
The knowledge of the biology of multiple sclerosis and the proper diagnosis of different forms of evolution are fundamental in deciding treatment 21 . The challenge for neurologists is to choose the best therapeutic strategy among the current arsenal of drugs absent for less than two decades. Identifying the right time to start and maintaining or changing the proposed treatment should be part of this strategy. In relation to treatment with INFβ and GA, a clear definition of the lack of response in RRMS and no clinical response can be considered according to the relapse rate, disability progression or both. The studies contribute to the analysis of response and subsequent treatment decisions. MS patients have been followed up and monitored according to the number of relapses before and after drug administration, means of scales of disability (EDSS), and lesion load has been measured with MRI sequence.
The present study showed a prevalence of female and almost one third of them were non-Caucasians, a percentual that is characteristic of MS gender and ethnic distribution in the southeast region of Brazil 1 . Considering only IFNb treatment, the present study showed a proportion of patients ranging from nonresponders according to established criteria suggested in different studies 4, 10, 22, 23 . Here, we found a frequency of 2.9% of nonresponders patients when considered the increase of disability by EDSS during the first year of treatment, that is lower than the results of Río et al. 10 , which found 18% of patients. We can not compare our results with Cree et al. 22 because the authors did not analyze disability progression among the 36 AfricanAmerican and 616 Caucasian patients studied. Regarding the presence of at least one relapse during the first year of treatment, we found 43.5% of nonresponders, and Río et al. 10 found 45%. However, when we consider two or more relapses as nonresponder criteria, this percentage decreases to 13.0%. Río et al. 10 also found a decrease in this number when considered two or more relapses (20% of nonresponders). Table 4 . Demographics and baseline clinical characteristics of patients (IFNb and GA, Group F).
As the immunomodulators consider as efficacy criteria the reduction of about 50% of annual relapse ratio, we compared the number of relapses one year prior the treatment. Considering as nonresponders patients who presented more than 50% of relapses comparing with the prior year, 36.2% of our patients were nonresponders. Río et al. 10 found 20% of nonresponders. We can try to understand these differences if we analyze the interval of time disease until the treatment onset. The nonresponders patients of the present study were included in immunomodulatory treatment with a mean of 72.4 months considering only IFNb treatment (about 6.0 years of disease), and Río et al with a mean of 5.5 years of disease. The mean time of disease duration was not associated to a better response, but this result is probably associated with the low number of patients.
When we consider as nonresponders criteria both relapses and increased of at least one point in EDSS, we found here 43.5%, the same result found for the relapse criteria, because all patients with increase of EDSS also presented new relapses. Río et al. 10 found 49% of nonresponders regarding the same criteria and Fernández et al. 20 found 31.3% among 96 MSRR Spanish patients, a similar number of patients studied in our sample. Although the differences among the three studies are not significant, Fernández et al. 20 found a lower result even considering at least 0.5 point in the EDSS increased.
The validation of these parameters is important in order not to harm patients who had disease control, observed by an improvement in the period without treatment. Some predictors of poor response to IFNb have been suggested 10, 15, 24, 25 in other studies, such as higher relapsing rate before the IFNb, older patients when starting 15, 18 , longer duration of illness before starting IFNb 15, 18, 24 , or ethnicity 22 . No differences here were found in demographic and clinical characteristics of patients that were similar to those reported in clinical trials of immunomodulators. No demographic factor was associated with a statistically significant response to treatment, regardless the definition of response (p>0.05).
Regarding the increase of EDSS and new relapses together as nonresponder criteria, the nonresponders presented a mean of 2.7 in EDSS and the responders, 2.6. The lack of difference in this parameter was not expected because the study of Fernández et al. and various recent studies have been showing that the better response to immunomodulatory treatment is associated to a lowest EDSS in the beginning 20 . Río et al. 10 found similar results (with only IFNb treatment), EDSS 2.5 in nonresponders and 2.0 in responders.
All together, the proportion of non-responders patients ranged from 3.3 to 42.9% according to the definition used. These data points are consistent with those reported in the literature in which the observed proportion varies between 13 and 50% 14, 15, 17, 18, [23] [24] [25] . The reasons for poor response to IFNb and GA are unclear, but may reflect the heterogeneity of MS and clinical phenotype depending of ethnic background. Regarding ethnicity, 43.7% Caucasians were nonresponders versus 40% non-Caucasians (p=0.615), a difference with no statistical significance.
Relapses and progression are the two basic clinical phenomena of MS. Relapses are considered to be the clinical expression of disseminated inflammation in the central nervous system, while the progression is considered to reflect the occurrence of demyelination, axonal loss and gliosis. In some patients, there is probably a predominance of demyelination and axonal degeneration in a progressive increase in disability, regardless of the presence of relapsing. The heterogeneity results found in the present study probably reflect characteristics of our population and need to be replicated in a larger sample, including MRI criteria and prospective data.
In conclusion, no statistical significant correlation was found among response or non-response according to gender, ethnicity, age at onset, EDSS at onset or duration of illness prior to starting immunomodulatory treatment.
LIMITATIONS
This study has several limitations. The number of patients with regular use during the first year was small, and the settings analyzed may not necessarily identify response to IFNb or GA, but groups of patients with different levels of activity and disease progression. However, this observation does not invalidate our results, as different definitions identify different types of response. 
